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COMPLETE SPECIFICATION. 



Blood CkMignlatiQsa Componrats and Uethod of ConGeiitratmg 

and Pazifsons. 



We, Odtter Labokatordss, a Coipomtion 
organised under the k^vs of the State of 
California, United States of America, of City 
of Berkeley, State of California, United 
6 States of Ainerica, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be par- 
ticularly described in and by the followiog 

10 statement: — 

This invention relates to blood coagulation 
components and provides a purified compo- 
sition of blood coagulation components and 
a method for producing such a composition. 

16 The blood coagulation mechanism is 
extremely complicated and involves the 
ittteraction of at least 19 or 20 different 
protein subs^ces, including pksma throm- 
boplastin component, proconvertin, and 

20 prothrombin. Although the coagulation 
mechanism is conveniently diagrammed in 
Albritton's Standard Values in Blood, pages 
11 to 15 (W.B. Saunders Co., 1952), 
AIbritton*s diagrams do not show the role 

25 played by plasma thromboplastin componait, 
for this component has been discovered only 
recently. 

Plasma thromboplastin component is a 
component which is missing from the blood 

30 of all patients afflicted with haemophilia B, 
and is essential for the formation of plasma 
thromboplastin. The other thromboplastin 
precursors are thromboplastinogen (missing 
from the blood of haemophilia A patients) 

36 and a platelet factor. Proconvertm is a 
component which is essential for the rapid 
conversion of prothrombin to thrombin. 
Prothrombin is the actual precurs<»r of 
thrombin. 

[Price 38.6(1.] 



Because ol the primitive state of know- 40 
ledge concerning blood copulation, con- 
fusion may result from variations in nomen- 
clature, and in attmpting to avoid this it 
should be noted that plasma thromboplastin 
component is also known as Plasma Throm- 46 
boplastin Factor-B, and Christmas Factor, 
and that proconvertin is also known as Stable 
Component, Factor VU (Kohler), and Serum 
Prothrombin Conversion Accel^tor Pre- 
cursor. 60 

There are approximatdy 60,000 cases of 
congraital haemophilia in the United States. 
Of these, approximately 9,000 are cases of 
haemophilia B, the blood of such patients 
being either totally dev<Hd of pkma throm- 65 
boplastin con^onent or seriously defident 
in plasma thromboplastin component The 
disease therefore exists in varying degrees of 
severity, requiring therapy from once every 
three weeks up to once <» twice a year. The 60 
completely deficient cases require rq>lace- 
ment tiierapy once every three weeks; the 
partially deficient cases, which are the 
majori^ of cases, require fliempy only when 
bleeding episodes occur, >^hich may be as 66 
seldom as once a year. The bleeding epi- 
sodes in congenital, partially-deficient cases 
are genmally caused 5y a temporarily 
acquired severe deficiency rather than by 
injury alone. Intravenous injection of 70 
approximately 800 mL ot ^esh nlasma, or 
an equivalent amount (about l200 mL) of 
fresh blood, temporarily corrects the dd^ect 
of a completely deficient subject. Ilie bene- 
ficial effect lasts for about three wee&3» 76 
although the coagulation defect, as measured 
by in vitro tests on the patient* s blood 
appears normal for only three or four days. 
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Such th&mpy with fresh plasma or fresh 
blood is effective but it has two unportant 
drawbacks : (1) is requires ready avaikbili^ 
of a large amount f fresh bl od and requires 
5 hospitalization for the adzninisttation of the 
blood; (2) a great many of the patients 
eventually become sensitized to repeated 
blood infusions and ultimatdy encounter 
fatal trandusion reactions. 

10 There are estimated to be about 400 
patients with congenital proconvertin defic- 
iency still living in the United States. These 
are serious cases, and the patients seldom 
survive beyond childhood. Intravenous 

15 injection, of approximately 300 mL of fresh 
plasma, or an equivalent amount (about 
500 ml.) of fresh blood, temporarily corrects 
the proconvertin deficien<y in -a child. 
Repeated therapy of proconvratin deficiency 

20 witii plasma or blood is subject to the same 
costs and hazards as pointed out above in 
connection with plasma thromboplastm com- 
ponent defidency. Proconvertin deficiency is 
also tempbraiily acquired during some Uvct 

25 infections, during some transfusion reactions, 
and from overdosage with dicumarol, and 
if prompt treatment with an available tiiera- 
peutic agent were possibly it would be life- 
saving in many cases. 

30 At the present time we do not know of 
any incidence congenital prothrombin 
. deficiency. However, tempoiaiy prothrombin 
deficiencies are acquired in the same manner 
as the temporary proconvertin deficiendes. 

35 The infusion of fresh blood or plasma into 
patients does not produce any measurable 
increase in the prothrombin blood level. 

More spedfically, one of the objects of 
this invention is tiie pro\^ion of a syner- 

40 gjstic mixture of human blood coagulation 
components, induding plasma ttonnbo- 
plastin component, proconvertin, and pro- 
thrombin, and whidt may be us^ far more 
^ectively than fresh blood or plasma. 

45 The present invention provides a deriva- 
tive of human blood comprising plasma 
thromboplastin component free of other 
thromboplastin precursors. 
It is also within the purview of this inven- 

50 tion to provide the process of collectively 
recovering the proteins: plasma thrombo* 
plastin component, j)roconvertin, and pro- 
thrombin and non-citrated human pjlasma, 
comprising: mixing said plasma with an 

55 adsorbing agent such as barium sulphate, 
separating said adsco'bing agent and its 
adsori)ed proteins from the plasma, eluting 
the adsorbed proteins from said adsorbing 
agent with a sodium dtrate solution, adjust- 

60 ing the of the solution to about 3X pre- 
dpitating the proteins with a lower alipmtic 
alcohol e.g. ethanol. and collecting tiie 
resulting predpitate. 
In the dmwings appended hereto and made 

65 a part hereof: — 



Fig. 1 includes a pair of curves illustrating 
the effect on a haemophilia B patient of the 
administration of various amounts of plasma 
as compared with the administration of 
various amounts of the product of this inven- 70 
tion. 

Fig. 2 indudes a pair of curves illustrating 
the ^ect on the prothrombin consumption 
and prothrombin plus proconvertin consump* 
tion of a haemophilii^ B patient following 75 
the injection of 1120 ml. of fresh plasma and 
following the injection of 115 mg. of the 
product (No. 1141} of tiiis invention. 

Hg. 3 indudes three curves illustrating 
the comparative effects on the clotting time 80 
in a haemophilia B patient resulting from 
the administration of 560 ml. of fresh plasma, 
1120 ml. of fresh plasma, and 150 mg. of 
the product No. 1141 of this invention. 

I^AiLs OF Process. ^ 

. By way of illustration* the process above 
referred to can be carried out as 
follows: — 

1. Collect blood into an anticoagulant 
solution containing 750 mg. disodium ethy- 90 
lene diamine tetra-acetate in 20 ml. water for 
every 500 ml. blood. The red and white 
cells are separated by centrifu^g and dis- 
carded. 

Z Adjust 100 litres of the plasma to pH 95 
6.0 and add 4 kg. finely powdered barium 
sulphate. After stirring for approximately 
30 minutes, separate the plasma from tiie 
barium sulphate. The plasma can tiien be 
fractionated into its other clinically useful 100 
proteins by conventional means. 

3. Wash the barium sulphate with 100 
litres of 0.9 per cent sodium chloride. 

4. Elute a fraction of the adsorbed pro- 
teins from the barium sulphate using about 105 
100 litres of 4 per cent sodium dtrate ad- 
justed to pH 7.5. Discard the barium 
sulphate. 

5. Adjust the eluate to pH 7.0, add 15 
per cent ethanol, at -5'' C, and discard the 110 
precipitate which f orms. 

6. Adjust the supernatant solution to 
pH 3.2, add 15 per cent etiianol, at -5*' C. 
and collect the predpitate which forms. 

7. Lyophilize the predpitate. The 116 
resultant dry weight is about 20 grams. 

8. Dissolve the predpitate in about 4.0 
litres of aqueous diluent and remove and 
discard insoluble impurities. 

9. Sterilize the solution by filtration 120 
through a bacteria-excluding filter, and 
asepti(^y fill 40 ml. quantities into serile 
vials. 

10. Lyophilize the contents of each vial. 
Hie contents of each vial should be redis- 125 
solved in starile water just prior to use. The 
coagulation components are obtained in an 
over-all yidd of 65 per cent or better. 
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The above process rcdtes the details which 
are preferred at this tune. However, many 
variations can be made without departing 
from the general principles of the process. 
6 Some variations have been tried, and the 
resultant products were subjected to clinical 
test in human subjects. This type of human 
testing is so difficult and so baza^ous to the 
patient, since the patient must be aUovred 
10 to reach an incoaguJ^ble state prior to the 
test, that it is impracticable to test the effects 
of all reasonable variations in process. Some 
possible variations have been established, 
however. 

16 For example, instead of the disodium ethy- 
lene-diamine tetra-acetate anticoagulant one 
can substitute a sodium oxalate anticoagu- 
lant, or during the blood collection the blood 
can be treated immediately with a calcium- 
20 binding ion exchange resin sudi as "Dowex" 
50, a sulphonic acid styrene type resin manu- 
factured by the Dow Chemical Company. 
The conventional Anticoagulant Sodium 
Cittate Solutions, ISP, or AnticoaguW 
25 Add Citrate Dextrose Solution, USP. can- 
not be employed as anticoagulants if one 
wishes to obtain pinified pla^a thrombo- 
plastin component by the process of this 
invention. It a citrate anticoagulant is used, 
30 the final product contains the usual amount 
of prothrombin and proconv^tin but is 
almost totally kdking in in vivo plasma 
thromboplastin component activity. This 
has been demonstrated repeatedly. 
35 The pH of step No. 2 can be varied con- 
siderably, at least between pK 5.4 and 7Ji. 
but the highest purity along with adequate 
yield of plasma thromboplastin component 
and proconvertin is obtained when this step 
40 is conducted near pH 6.0. 

Other adsorbents can be substituted for^ 
the barium sulphate. For example, alumin- 
ium hydroxide or asbestos can be used. 
1-arger or small amounts of adsorbents can 
46 be used. The use of appreciably smaller 
amounts, of adsorbent causes a lower yield of 
the coagulation components; the use of too 
large amounts of adsorbent causes a loss of 
yield of other valuable products of plasma 
60 fractionation such as fibrinogen, gamma 
globulm and albumin. Here it should be 
noted that the action of these adsorbing 
agents is physical mth^ than chemical 
In step No. 4. any non-toxic electrolyte 
55 may be substituted for the sodium dtrate, for 
example, sodium phosphate, if present in a 
high enough concentration to rffect the du- 
tion. If the pH at step No. 4 is too high, 
the coagulation components are gradually 
60 destroyed. If the pH is too low, elation is 
slow and an excessive volume of ehiting fluid 
is required. these limitations in mind, 
the coagulation compcments can be ehited to 
a useful d^ee at pH values between 6.5 
65 and 8.0. 



Step No. 5 is optional It ^ects a higher 
degree of purification by the removal of 
some impurities. If one omits step No. 5 
and goes directiy to step No. 6, th final 
product is useful clinicaily but is of some- 
what lower purity. If the pH of step No. 6 
is below 3.0, there is a progressive loss of 
prothrombin activity. As the pH ds in- 
oreased above about 4.5. there is a progres- 
sive loss of yield of plasma thrond»oplastin 
component and proconvertin. Although 
prothrombin can be recovered quantitatively 
up to pH 5.6, a pH in the r^on of 32 is 
preferred. The etlmnol concentration at 
step No. 6 can be increase of course, but 
nothing is gained by doing so. As water- 
miscible volatile protein precipitants in steps 
5 and 6, only ethanol, methanol, and isopo- 
panol have been trie^ all three yifctc satis- 
factory. 

Step No. 7 is optional. Hov^ever, follow- 
ing resolution, a small amount of impuritsr 
precipitates and it is desirable to remove this 
mipTL-to-the sterilizmg filtration. 

The aqueous diluent in step No. 8 can be 
anjrthing whkh prevents the adsorption of 
the coagulation componrats on the bacteria* 
excluding filter. Such aqueous diluents as 
a 2S per cent solution of serum albumin, 
diluted "barium sulphate-adsorbed'* blood . 
serum, and 0.3 molar glycine , have been useiJ 
successfully. ^"^l 

The step of lyophilization in the final con* 1 
tainers is also optional The final product \ 
is stable as a frozen solution as well as stable 100 
in the dry state. It giadualy deteriorates 
with time when in solution, and it is pre- 
ferred to distribute the product in the dry 
or frozen state. 
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Character op FaoDacr. 106 
At all events, the product resulting from 
the process above described consists of a 
small amount of sterile, dry powder includ- 
ing a noixti^e of highly purified plasma 
thrombophistin comiponent, proconvertin, HO 
and prothrombin. 150 mg. of the product 
when dissolved in a small quantity of st^e 
water contains the plasma thrcHnbopkstin 
component, proconvCTtin, and prothrombin 
origmally present in 800 mL of fresh plasma 115 
or 1200 ml of fresh blood. Hie product 
contetins less than 0.3 per cent of the total 
pksma proteins. 

Testnq LmrrATioNs, 
There is as yet no reliable metiiod for 120 
estimating the potency of the plasma throm- 
boplastin component in vitro. Prothrombin 
or proconvertm or prothrombin plus pro- 
convertin can be assayed reliably in vitro, 
but for assessing the potenency of a prepara- 125 
tion of plasma thromboplastin component 
It is necessary to rely on the actual intra- 
venous administration of the preparation into 
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a completely-deficient ^tiwit and then 
follow the patient's clotting time, per cent 
prothrombin consumption, and thrombo- 
plastin generation for two weeks. The pro- 
6 convertin content can be assayed by th 
method of Owren and Aas. Scand. J.^ Clin. 
JLab, Invest 5, 201 (1951). The prothrombin 
content can be assayed by the method of 
Kjort, Rapaport, and Owren, J. Lab. Clin. 

10 Med 46, 86 (1955). The combmed procon- 
vertin plus prothrombin can be assayed by 
the method of Ware and Stragnell, Am. J. 
dm- Pathol. 22, 791 (1952). In spite of 
optimistic reports in 4he literature which 

16 have never been vrafied clinically, the 
potenency of purified plasma thromboplastin 
component as assayed in vitro by eith«: the 
conventibml Prothrombin Consumption Test 
or the conventional Thronibophistin Genera- 

20 tion Test bears no relationship to the 
clinical effectiv^ess of the purified plasma 
throiDbaplastin component in human sub- 
jects. 

GuNiCAL Results. 

26 In patients ccmgemtally afSicted with 
haemophilia B and completely defiaent in 
plasna thromboplastin component, the intra- 
v^ous injection of a solution of 150 mg. 
of the product of this invention corrected 

30 their coagulation defect for a period of 14 
days and maintained the patients symptom- 
free for varying periods m excess of tiiree 



For example. Fig. 1 compares the immed- 
36 late effect on the dotting time of a Immo- 
philia B patient followmg the injection of 
varying amount of ftcsh plasma and follow- 
ing tiie injection of varying amounts d a 
solution of the product (No. 1141) of this 
40 invention. Each injection and measurement 
was m'^ft following an interval of at least 
two weeks, during which pmod no treatmrat 
was ^ven. 

Figure 2 compares the prolonged effect on 
45 prothrombin consumption of a haemophilia 
B jxatient following the injection of 1120 ml. 
of fresh plasma and following the injection 
of it solution of 150 mg. of product No. 114L 
In the prothrombin consumption test, the 
50 lower the per cent prothrombin, the more 
effective is the agent in converting prothrom- 
bin to thrombin in viva. 

Figure 3 compares the prolonged effect on 
clotting time in a haemofMia B patient 
65 following the injection of 560 mL of ACD 
fresh plasma, 1120 mL of ACD fresh pla^ia. 
and a solution of 150 mg. of product No. 

As the above tests d^onstrate, 10 mL of 
00 the product of tliis invention is as effective 
as approximately 1000 mL of fre^ plasma. 
Of even greater importanx^, patients who 
have become sensitized to whole plasma and 
who show anaphylactoid reactions to the 
65 injection of pkana tolerate the injection of 



the purified coagulation components of this 
invention with no reactions .whatsoever. 
Naturally, tests comparing the product of 
this invention witii pksma cannot be made 
on these patients. ^ 70 

By various means, purified plasma tfarom- 
boplastin component free of prothronAm 
have been prepared. The in vivo admini- 
stration of prothrombin-free plasma throm- 
boplastin component has not 61% -ben^ted 76 
haemophilia B patients, nor does the 
administration of prothrombin alone benefit 
haemophilia B patients. There is no ready 
explanation for this phenomenon. When 
our product containing the three purified 80 
coagulation components together is admini- 
stered to patients, the plasana thromboplastin 
component potency in vivo is not related to 
its prothrombin content or to its procon- 
vertin content but appears to be related to 85 
its plasma thromboplastin component con- 
tent plus its prothrombin content The 
effect of injection of the product on the in 
vivo prothrombin plus proconvertin level is 
far in excess of &at predictable from the 90 
amount of these factors injected. We are 
uimble to explain this discrepancy. 

In proconv^tin d^dent patients, our 
product has been found to be just as effective 
in remedying the coagulation d^ect as in 05 
plasma thromboplastin compon^t deficient 
or haemophilia B patients. The administra- 
tion of ovCT 1000 mL of fresh plasma to 
such patients does not significantiy alter their 
blood prothrombin level, or proconvertin 100 
leveL or their combined prothrombin plus 
proconvertin level, but does temporarily 
remedy their coagulation defect However, 
the administration of our product containing 
the admixed three coaguktion components 105 
results in an immediate and proloi^ed rise 
in both the pr(KX)nvCTtin levd and the pro- 
thrombin plus proconvertm levd. 

In both plasma thromboplastin component 
deficient patients and proconvertin deficient 110 
patients the administration of fresh plasma 
does not measurably increase the in vivo 
plasma prothrombin leveL However, the 
administration of the purified prodirct of 
tMs invention does increase the in vivo pro- 116 
thrombin level from 60 per cent of normal 
up to 100 per cent of normaL Furthermore, 
the co-administration of prothrombin 
appears necessary for the plasma thrombo- 
plastin compon^t to be fully ^ective 120 
clinically. 

Summary. 

The process herein described effects the 
simultaneous recovery and purification of 
three int^-related coagulation components. 125 
Of great importance is the degree of concen- 
tration which is adiieved. On a protein 
basis, the coagulation components are con- 
centrated 400-fold. In other jvords, 99.75 
per cent of the total plasma protein is 130 
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removed and is available for the preparation 
of other known, clinically useful plasma 
fractions. The antilmemophilia A factor is 
spared and is available for concentration and 
5 purification whenever a suitable process is 
discovered. The high degree of purity in 
which the three coagulation components is 
obtained is also of paramount importance 
clinically. The removal of 99.75 per cent of 

10 unneeded plasma protein renders the pro- 
duct suitable for the treatment of the con- 
genital coagulation defects in patients who 
have become sensitized to whole plasma, or 
who have become refractory to treatment 

15 with whole plasma, and thus offers these 
patients a means of renewing maintenance 
therapy. 

The concentration in volume is also of 
great importance clinically. Aside from fbt 

20 obvious convenience, economy, and safety 
of a purified concentrate, it is very easy to 
achieve an effective in vivo blood level of 
the coagulation components by injection of 
10 ml. in a few minutes, whereas it is very 

25 difficult to achieve an effective in vivo blood 
level by injecting 1000 ml of plasma over a 
period of 4 to 5 hours. Both the time and 
the dilution hinda the rapid correction of 
the coagulation defect 

30 Except for the provision of a highly puri- 
fied and concentrated fibrinogen, this is the 
first time that any coagulation components 
have been separated and made available in 
a form for more useful clioically than the 

36 plasma from whkh they were derived. 
Furthermore, as pointed out in the descrip- 
tion of clinical tests, the coagulation com- 
ponents of this invention are far more effec- 
tive when administered simultaneously than 
- 40 when only one of tbe components is adminis- 
tered to correct a specific defect 

It should be pointed out that the product 
of this invention is devoid of thrombin, 
fibrinogen, thromboplastinogen (anti-ha^o- 
-45 philia A factor) and accelerator globulin. 
Cbnsequentiy, the product is of no value in 
the treatment of bleeding episodes due to 
defidoBcies of fibrinogen, anti-haemoplulia 



A factor (thromboplastinogen) or accelerator 
gld}ulin. 50 
WHAT WE CLAIM IS:— 

1. A derivative of human blood com- 
prising: pksma thromboplastin componeot 
proconvertin and prothmmbin, which mix- 
ture is free from oth» thromboplastin 55 
precurscM^. 

2. A mixture of blood coagulation com- 
ponents comprising: plasma thromboplastin 
component, proconcertin and prothrombin, 
which mixture is free other thromboplastin 60 
precursors. 

3. Derivative according to Claim 1 
wherein the plasma thromboplastin com- 
ponent, proconvertin and prothrombin are 
present in substantially the same proportions 65 
as they occia: in the human blood. 

4. The process of collectively recovering 
the proteins; plasma thromboplastin com- 
ponent, proconvertin and prothrombin from 
non-citrated human plasma, comprising: 70 
mixing said plasma with an adsorbing agent 
such as barium sulphate, separating said 
adsorbing agent and its adsorbed proteins 
from the pksma, eluting the adsorbed pro- 
teins from said adsorbing agent with a 75 
sodium citrate solution, adjusting the pU of 

the solution to about 3.2, precipitating the 
proteins witii a lower aliphatic alcohol, and 
collecting the resulting precipitate. 

5. The process according to Claim 5 80 
wherein said lower aliphatic alcohol is 
ethanol. 

6. The process of fractionating the blood 
plasma proteins adsorbable on barium sul- 
phate substantially as herein described with 85 
particular reference to the example. 

7. The process of collectively recovering 
proteins from non-dtrated human plaana 
substantially as hearein described with par- 
ticular reference to the example. 90 

8. The product of the process of either 
Qaim 4 or 5. 

STEVENS, LANGNBR, PARRY 
& ROLLINSON, 
Chartered Batent Agents, 
Agents for the Applicants. 



^^'^^'^^^ • i^^S'^^^y^^ Stftticmoiy Offlca, by Burgess & Son L 

Bablmhcd at Tho Patent OfBoa. 26, Soolliampton BaUingp, Landon. 
fiam ivliidh. eopies may be obtained. 
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872,536 COMPLETE SPECIFICATION 

2 SHEETS ji^is drawing is a reprodueeon of 
the Ori^nal on a rtduced seah. 
SHEETS I & 2 
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